Introduction
============

Nontyphoidal *Salmonella* spp. is the primary bacterial pathogen causing foodborne illness and the leading cause of hospitalization among the top five foodborne pathogens in the United States ([@B60]). Contaminated meats are the major foodborne sources of *Salmonella*, which has been recovered and characterized from retail beef, pork, bison, chicken, and turkey meats in several countries worldwide ([@B40]; [@B15]; [@B48]; [@B5]; [@B70]; [@B64]; [@B41]; [@B58]; [@B7]; [@B63]; [@B66]). Consumption of ground poultry has increased in the last few years, partially because it is marketed as a healthier alternative to ground beef. However, ground poultry, particularly ground turkey and chicken, is often contaminated with *Salmonella* ([@B68]; [@B23]; [@B21]; [@B19]). A large, multistate-outbreak caused by an antimicrobial-resistant *Salmonella* *enterica* subsp. *enterica* serovar Heidelberg occurred in 2011 from the consumption of contaminated ground turkey and resulted in one death ([@B31]). Three other multistate-outbreaks caused by *Salmonella* Heidelberg occurred between 2013 and 2014 that were linked to chicken consumption ([@B11], [@B13],[@B14]; [@B35]). An outbreak of *Salmonella* *enterica* serovar Stanley infections associated with turkey meat was reported in 10 European countries between 2011 and early 2013 ([@B39]). Comparative genomic analysis using Whole Genome Sequencing revealed that the *S.* Heidelberg isolates in the 2011 ground turkey outbreak clustered together when compared to isolates from human, animal, and retail meat sources ([@B36]). Using an experimental oral challenge experiment in turkey, a recent study showed that the *Salmonella* isolate causing the 2011 outbreak was high in cecal colonization, dissemination to internal organs, and tissue deposition ([@B47]). Recently, a food-grade essential oil from pimento leaves was shown to reduce attachment of the 2011 *S.* Heidelberg isolate to turkey skin ([@B46]). By testing the host transcriptional response, a recent study showed that young commercial turkeys are susceptible to colonization by *S.* Heidelberg isolated from the 2011 ground turkey outbreak ([@B9]).

The presence of antimicrobial resistant *Salmonella* in retail meats, particularly in poultry, is a major risk to the treatment of foodborne illnesses caused by this bacterial pathogen ([@B6]; [@B16]). The presence of multidrug resistant (MDR), nontyphoidal *Salmonella* in retail meats has been reported in several studies ([@B15]; [@B74]; [@B72]; [@B66]; [@B67]; [@B41]; [@B71]; [@B37]; [@B17]). Most of the antimicrobial resistance genes in *Salmonella* are carried on conjugative plasmids that facilitate transfer between different isolates ([@B38]; [@B55]; [@B10]; [@B56]). Conjugation experiments showed that 95% of the β--lactamase genes (bla~CMY~) in *Salmonella* are plasmid-encoded ([@B30]). Quinolone resistance genes were also plasmid-borne in *Salmonella* isolated from human cases in the United States ([@B62]). Three emerging European clones of *Salmonella enterica* subsp. *enterica* serovar Typhimurium circulating in Europe were found to harbor MDR plasmids that encode additional virulence functions ([@B33]). Plasmid profiling is often used in epidemiological studies related to surveillance of disease outbreaks and in tracing the dissemination of antibiotic resistance ([@B45]).

Pulsed field gel electrophoresis (PFGE) is considered the gold standard in typing *Salmonella* and is known for its ability to discriminate isolates and for tracking the source of outbreaks ([@B65]; [@B25]; [@B29], [@B28]; [@B31]). PFGE profiling has been used with relative success as a method to identify *Salmonella* serotypes ([@B34]; [@B76]). A meta-analysis of PFGE fingerprints based on a constructed *Salmonella* database of 45,923 PFGE patterns indicated the presence of serotype-specific patterns that may potentially reduce the need to perform the laborious, traditional serotyping ([@B75]).

Despite the risk associated with the consumption of ground poultry contaminated with *Salmonella*, studies investigating the prevalence and characterization of *Salmonella* in retail ground poultry are relatively scarce. The objectives of this study were to determine the prevalence of *Salmonella* in retail ground poultry sold in the Tulsa, Oklahoma area and to characterize a selected number of the recovered strains by serotyping, antimicrobial resistance screening, plasmid profiling, and PFGE.

Materials and Methods {#s1}
=====================

Bacterial Sampling and Identification
-------------------------------------

Conventional methods were used to isolate *Salmonella* from ground turkey as described previously ([@B23]; [@B48]). In the summer of 2009, 199 samples of ground poultry meat (150 and 49 from turkey and chicken, respectively) representing five brands were purchased at six retail stores representing six supermarket chains in Tulsa, Oklahoma. Ground poultry samples were stored in chilled containers, and transported to the laboratory within 4 h. Each sample (25 g) was subjected to a pre-enrichment step by combining it with 225 mL of Buffered Peptone Water (BPW) (EMD, Gibbstown, NJ, United States) in sterile plastic bags (VWR Scientific, Radnor, PA, United States); the samples was massaged briefly by hand for 5 min. The pre-enrichment rinsate was then incubated at 37°C for 24 h. To selectively enrich for *Salmonella*, 0.1 and 0.5 mL of each pre-enrichment broth sample was transferred to 10 mL of Rappaport-Vassiliadis broth (RVB; Difco, Becton Dickinson, Sparks, MD, United States) and tetrathionate broth (TTB; Difco, Becton Dickinson, Sparks, MD, United States), respectively, and incubated at 42°C for 24 h. The pre-enrichment broths of duplicate samples were then artificially spiked with 10 μL of an overnight broth of two *Salmonella* strains (one H~2~S-positive and one H~2~S-negative); these served as positive controls. After selective enrichment was completed, a loopful of broth contains each of the enriched samples, including the two artificially-spiked *Salmonella* positive controls, were inoculated by dilution-streaking onto two selective agar media, XLT4 (Difco, Becton Dickinson, Sparks, MD, United States) and Brilliant Green Sulfide (BGS) (Difco, Becton Dickinson, Sparks, MD, United States) and incubated at 37°C for 24 h. The identity of 4--6 suspected *Salmonella* colonies from each sample were confirmed biochemically by dilution streaking onto Triple Sugar Iron Agar (TSI) (Difco, Becton Dickinson, Sparks, MD, United States) and Lysine Iron Agar slants (Difco, Becton Dickinson, Sparks, MD, United States) and incubated at 37°C for 24 h. Suspected *Salmonella* isolates were subjected to molecular confirmation by PCR using *invA* as described below.

The *invA* gene was amplified using the following PCR primers: forward, 5′**-** GTGAAATTATCGCCACGTTCGGGCAA-3′; and reverse, 5′**-** TCATCGCACCGTCAAAGGAACC-3′ as described previously ([@B54]). PCR was conducted in 25 μL reaction volumes containing the following: 12.5 μL GoTaq^®^ Green Master Mix (Promega, Madison, WI, United States), 3.5 μL sterile water (Promega, Madison, WI, United States), 1 μL (25 pmol) of each primer (IDT, Coralville, IA, United States), and 3 μL of template DNA. The cycling conditions were as follows: (1) 95°C for 5 min; (2) 94°C for 1 min; (3) 55°C for 1 min; (4) 72°C for 1 min; and (5) 72°C for 10 min. Steps 2 through 4 were repeated for 35 cycles. PCR products were subjected to agarose gel electrophoresis, and a 1 kb plus DNA ladder (Bioneer, Alameda, CA, United States) was used as a molecular marker. Gel images were taken using a Bio-Rad Gel DocTM XR UV gel documentation system (Bio-Rad, Hercules, CA, United States). The presence of the 284 bp *invA* PCR product was considered to be positive for *Salmonella* molecular identification. Once confirmed as *Salmonella*, one isolate was kept as a representative for each ground poultry sample and further characterized by serotyping, antibiotic resistance profile, PFGE, and plasmid content.

Serotyping
----------

*Salmonella* isolates selected for serotyping were given a serial designation from GP001 to GP023 and from GP025 to GP027. Isolates were sent to the National Veterinary Service Laboratory (NVSL) in Ames, Iowa, for serotyping.

Antibiotic Resistance Screening
-------------------------------

*Salmonella* isolates were subjected to antimicrobial resistance profiling using the following 16 antimicrobials: cefoxitin (FOX), amikacin (AMI), chloramphenicol (CHL), tetracycline (TET), ceftriaxone (CTR), amoxicillin/clavulanic acid (AMC), ciprofloxacin (CIP), gentamycin (GEN), nalidixic acid (NAL), ceftiofur (TIO), sulfisoxazole (FIS), trimethoprim/sulfamethoxazole (SXT), cephalothin (CEP), kanamycin (KAN), ampicillin (AMP), and streptomycin (STR). Isolates were grown on Mueller-Hinton (MH) agar (Difco) and incubated for 24 h at 37°C. Cultures were then added to Mueller-Hinton broth (Difco), and the turbidity was adjusted to a 0.5 McFarland standard, and inoculated onto 6-inch MH agar plates supplemented with the appropriate antimicrobials. Multiple antibiotic concentrations were tested including the breakpoint established for each antimicrobial according to the Clinical and Laboratory Standards Institute (CLSI) ([@B18]). The ranges of the concentrations used and the breakpoint of each of the 16 antimicrobials tested in this study were detailed previously ([@B24]). Plates were then incubated at 37°C for 48 h; results were read for growth or no growth and denoted as resistant or susceptible, respectively, according to the breakpoints for each antimicrobial.

PFGE
----

Plug preparation for PFGE profiling was performed according to the PulseNet protocol and conditions established by the CDC ([@B12]). Slices of the prepared PFGE plugs (2-mm wide) were incubated with *Xba*I (Promega, Madison, WI, United States) at a concentration of 50 U/plug for 3 h at 37°C. Plug slices were then inserted into the wells of 1% Seakem Gold Agarose gels. *Xba*I-digested *Salmonella* serovar Braenderup H9812 was used as a sizing marker. PFGE was conducted in a CHEF Mapper PFGE system (Bio-Rad, Hercules, CA, United States) for 18 h following the electrophoresis conditions established for *Salmonella* by the PulseNet protocol; these included an initial switch time of 2.16 s, and a final switch time of 63.8 s ([@B12]). After electrophoresis, gel images were captured using a Bio-Rad Gel DocTM XR UV gel documentation system (Bio-Rad, Hercules, CA, United States). Images were then imported and analyzed using the BioNumerics software v. 6.6 (Applied Maths, Austin, TX, United States). Similarity analysis and the banding patterns were analyzed using the Dice coefficient and clustered using the unweighted pair group method with arithmetic mean (UPGMA) and a 1.5% band tolerance.

Plasmid Detection
-----------------

Screening of large plasmids was performed by PFGE as described previously ([@B8]; [@B44]). The PFGE plugs were prepared as described above; thin slices were cut and digested with S1 nuclease (17 IU/plug) for 45 min at 37°C to linearize the plasmids. Plug slices were then inserted into the wells of 1% Seakem Gold Agarose gels, and *Xba*I-digested *Salmonella* serovar Braenderup H9812 was used as a sizing marker. PFGE was conducted using the CHEF Mapper PFGE system for 16 h using the conditions established for *Salmonella* by the PulseNet protocol ([@B12]).

Large plasmids detected by PFGE were isolated by alkaline lysis using the Qiagen Miniprep kit and protocols established for Gram-negative bacteria (Qiagen Inc., Valencia, CA, United States). Isolated plasmids were analyzed by electrophoresis in 0.8% agarose gels at 120 V for 2 h. Gels were stained with ethidium bromide for 45 min, and images were captured using the Bio-Rad gel documentation system. DNA markers for sizing included plasmids preps of *E. coli* strains NCTC 50192 and NCTC 50193 and the 1 Kb plus DNA ladder (Bioneer). The isolated plasmids were also digested with *Eco*RI and *Hin*dIII (Promega, Madison, WI, United States) and subjected to agarose gel electrophoresis to determine variable restriction patterns.

Results
=======

Prevalence of *Salmonella* in Ground Poultry
--------------------------------------------

A total of 199 retail ground poultry samples were investigated in this study (Table [1](#T1){ref-type="table"}). Although only 6% (9/150) of the ground turkey samples were organic, all 49 ground chicken samples were organic. The overall prevalence of *Salmonella* in ground poultry was 41% (82/199), whereas the prevalence in conventional samples (47%; 66/141) was higher than organic samples (27%; 16/58) (Table [1](#T1){ref-type="table"}). The prevalence of *Salmonella* in organic ground chicken was 26% (13/49), whereas the incidence in ground turkey was 47% (66/141) and 33% (3/9) for conventional and organic samples, respectively (Table [1](#T1){ref-type="table"}).

###### 

Prevalence of *Salmonella* in ground poultry samples collected in this study.

  Prevalence of *Salmonella* in ground poultry                                                                                                         
  ---------------------------------------------- ------------- ---------- ------------- --------- ------------ ------------ ------------- ------------ -------------
  *Salmonella*                                   66/141 (47)   3/9 (33)   69/150 (46)   0/0 (0)   13/49 (26)   13/49 (26)   66/141 (47)   16/58 (27)   82/199 (41)
                                                                                                                                                       

∗

np, number of positive samples; n, number of samples collected.

Serotyping
----------

To reduce the cost, twenty six isolates representing unique *Salmonella-*positive ground poultry samples (19 conventional, 7 organic) were selected for further characterization by serotyping, antibiotic resistance profiling, PFGE, and plasmid profiling. The twenty six isolates were carefully chosen to fairly represent the eighty two positive samples in this study in regards to variation in the collection and expiration date, brand, supermarket chain and location, and meat source (ground turkey or ground chicken). Six serotypes were identified: Tennessee (8 isolates), Saintpaul (4 isolates), Senftenberg (4 isolates), Anatum (4 isolates, including one Anatum_var.\_15+), Ouakam (3 isolates), and Enteritidis (3 isolates) (Table [2](#T2){ref-type="table"}). Serotypes Saintpaul, Ouakam, and Anatum were detected in conventional ground turkey, but not in organic ground chicken; the latter contained serotypes Tennessee (*n* = 4), Enteritidis (*n* = 2), and Senftenberg (*n* = 1) (Table [2](#T2){ref-type="table"}).

###### 

Ground poultry sources, serotypes and large plasmid profiles of the 26 *Salmonella* isolates characterized in this study.

  Isolate \#   Turkey/Chicken             Conventional/Organic   Serotype            Large plasmids
  ------------ -------------------------- ---------------------- ------------------- ----------------
  GP001        Ground turkey              Conventional           Anatum_var.\_15 +   ∼100 kb^∗^
  GP002        Ground turkey              Conventional           Anatum              ∼100 kb^∗^
  GP003        Ground turkey              Conventional           Saintpaul           ∼100 kb
  GP004        Ground turkey              Conventional           Saintpaul           
  GP005        Ground chicken             Organic                Tennessee           
  GP006        Ground chicken             Organic                Tennessee           
  GP007        Ground turkey              Conventional           Saintpaul           
  GP008        Ground turkey              Conventional           Senftenberg         
  GP009        Ground turkey              Conventional           Ouakam              ∼100 kb^∗∗^
  GP010        Ground turkey              Conventional           Saintpaul           
  GP011        Seasoned ground turkey     Conventional           Tennessee           
  GP012        Ground turkey              Conventional           Anatum              ∼100 kb^∗^
  GP013        Turkey breakfast sausage   Conventional           Ouakam              ∼100 kb^∗∗^
  GP014        Ground turkey              Conventional           Tennessee           
  GP015        Ground turkey              Conventional           Tennessee           
  GP016        Ground turkey              Conventional           Ouakam              ∼100 kb^∗∗^
  GP017        Ground chicken             Organic                Senftenberg         
  GP018        Ground chicken             Organic                Tennessee           
  GP019        Ground chicken             Organic                Tennessee           
  GP020        Ground turkey breast       Conventional           Tennessee           
  GP021        Ground chicken             Organic                Enteritidis         
  GP022        Ground chicken             Organic                Enteritidis         
  GP023        Ground turkey              Conventional           Anatum              ∼100 kb^∗^
  GP025        Ground turkey              Conventional           Enteritidis         
  GP026        Ground turkey              Conventional           Senftenberg         
  GP027        Ground turkey              Conventional           Senftenberg         
                                                                                     

∗

Large plasmids in strains GP001, GP002, GP012, and GP023 share the same restriction pattern.

∗∗

Large plasmids in strains GP009, GP013, and GP016 share the same restriction pattern.

Antibiotic Resistance
---------------------

The 26 serotyped *Salmonella* isolates were subjected to antibiotic resistance profiling to 16 antimicrobials (Figure [1](#F1){ref-type="fig"}). All 26 isolates were resistant to both gentamycin and ceftiofur. Resistance to the remaining antimicrobials was as follows: amoxicillin/clavulanic acid, 96% (25/26); streptomycin, 92% (24/26); kanamycin, 88% (23/26); ampicillin, 85% (22/26); cephalothin, 81% (21/26); tetracycline, 35% (9/26 ), sulfisoxazole 27% (7/26); nalidixic acid 15% (4/26), and cefoxitin, 15% (4/26). All isolates were susceptible to amikacin, chloramphenicol, ceftriaxone, and trimethoprim/sulfamethoxazole. All 26 tested isolates were multidrug-resistant (MDR) and exhibited resistance to 4--10 antimicrobials (Figure [1](#F1){ref-type="fig"}). Isolates from organic sources also exhibited MDR to 5--7 antimicrobials. Sulfisoxazole resistance was observed only in the Anatum and Ouakam serotypes. Although there was some variability, some antibiotic profiles were common among a particular serotype (Figure [1](#F1){ref-type="fig"}).

![Dendrogram of 26 *Salmonella* strains showing antibiotic resistance profiles, serotypes, and sources of ground poultry. Clustering was based on antibiotic resistance profiling, and the dendogram was created using BioNumerics software. Black squares indicate resistance. Abbreviations: FOX, cefoxitin; AMK, amikacin; CHL, chloramphenicol: TET, tetracycline; CTR, ceftiaxone; AMC, amoxicillin-clavulanic acid; CIP, ciprofloxac; GEN, gentamicin; NAL, nalidixic acid; TIO, ceftiofur; FIS, sulfisoxazole; SXT, trimethoprim/sulfamethoxazole; CEP, cephalothin, KAN, kanamycin; AMP, ampicillin; STR, streptomycin.](fmicb-09-02653-g001){#F1}

PFGE Analysis
-------------

All 26 serotyped *Salmonella* isolates were subjected to PFGE to determine *Xba*I restriction patterns. Although the four Saintpaul isolates were non-typable by *Xba*I-mediated PFGE, the remaining 22 isolates representing the other five serotypes were successfully analyzed (Figure [2](#F2){ref-type="fig"}). PFGE grouped the 22 *Salmonella* isolates into five distinct clusters each representing one of the following five serotypes: Enteritidis, Senftenberg, Ouakam, Anatum (including the Anatum_var.\_15+), and Tennessee.

![Dendogram and pulsed field gel electrophoresis (PFGE) profiling of 22 *Salmonella* isolates using *Xba*I. Antibiotic resistance, serotypes, and the ground poultry sources are shown for the 22 PFGE-typable *Salmonella* strains. Similarity analysis was performed using the Dice coefficient, and clustering was performed using UPGMA based on PFGE profiles. Black squares indicate resistance. FOX, cefoxitin; AMK, amikacin; CHL, chloramphenicol: TET, tetracycline; CTR, ceftiaxone; AMC, amoxicillin-clavulanic acid; CIP, ciprofloxac; GEN, gentamicin; NAL, nalidixic acid; TIO, ceftiofur; FIS, sulfisoxazole; SXT, trimethoprim/sulfamethoxazole; CEP, cephalothin, KAN, kanamycin; AMP, ampicillin; STR, streptomycin.](fmicb-09-02653-g002){#F2}

Plasmid Profiling
-----------------

PFGE was used to investigate the presence of large plasmids in the 26 serotyped isolates using S1 nuclease digestion. Eight of the 26 *Salmonella* isolates contained a large ∼100 Kb plasmid (Table [2](#T2){ref-type="table"}). The four serotype Anatum strains, including the Anatum_var.\_15 + isolate, contained a ∼100 Kb plasmid, as did the three Ouakam isolates and one of the four Saintpaul isolates (Table [2](#T2){ref-type="table"}). A PFGE gel showing the 100 Kb plasmid in one of the *Salmonella* Ouakam isolates is presented in Figure [3](#F3){ref-type="fig"} (lane 3). All eight isolates harboring large plasmids were isolated from conventional samples. Restriction digestion analysis using *Eco*RI and/or *Hin*dIII revealed that the large plasmids harbored by the four Anatum isolates had similar restriction patterns (Table [2](#T2){ref-type="table"}). Likewise, similar restriction patterns were obtained for large plasmids of the three Ouakam isolates (Table [2](#T2){ref-type="table"}).

![Pulsed field gel electrophoresis image showing the presence of large plasmids. Lane 1 contains the *Salmonella* serovar Braenderup H9812 molecular marker. Lane 2 contains *E. coli* NCTC 50192 treated with S1 nuclease; the three large plasmids (147, 63, and 43.5 kb) are indicated with red arrows. Lane 3 contains *Salmonella* Ouakam strain GP016 treated with S1 nuclease; the red arrow indicates the presence of a ∼100 kb plasmid.](fmicb-09-02653-g003){#F3}

Discussion
==========

*Salmonella* was recovered from 41% (82/199) of ground poultry samples collected in this study, which stresses the importance of monitoring this foodborne pathogen at the retail level. This result is similar to another study where *Salmonella* was recovered from 40% (30/74) of ground turkey samples in Fargo, North Dakota ([@B24]). In a larger study conducted by researchers at the FDA, *Salmonella* prevalence was 52% in ground turkey after screening 1,499 ground turkey samples collected from grocery stores in several FoodNet sites across the United States ([@B73]). A recent study indicated that the high incidence of *Salmonella* in turkey neck skin may predict a flock with greater potential for *Salmonella* contamination of ground turkey ([@B19]). Another study found that preharvest screening of *Salmonella* using a rapid protocol could potentially reduce *Salmonella* in ground turkey meat and possibly decrease future salmonellosis outbreaks ([@B22]). Recently, the *Salmonella* lytic bacteriophage preparation (SalmoFresh) was investigated for efficacy in reducing *Salmonella* populations on turkey breast cutlets and ground turkey ([@B61]). While the bacteriophage preparation was effective in reducing *Salmonella* on turkey breast cutlets, it did not reduce the incidence of *Salmonella* Heidelberg in ground turkey ([@B61]).

The detection of six serotypes in the 26 *Salmonella*-positive isolates indicates a high level of *Salmonella* diversity in ground turkey. This variability was also observed in other studies where different serotypes were detected depending on the geographic location and the date when studies were conducted ([@B24]; [@B21]). All isolates were susceptible to amikacin, chloramphenicol, trimethoprim/sulfamethoxazole, and ceftriaxone; the latter is particularly important because ceftriaxone is the drug of choice for treating salmonellosis in children ([@B68]; [@B37]). A recent study examining NARMS data between 1996 and 2013 showed that ceftriaxone resistance in *Salmonella* isolated from humans correlated with resistance in retail meats and food animals in the United States ([@B37]). In the present study, the high percentages of resistance for gentamycin (100%), ceftiofur (100%), amoxicillin/clavulanic acid (96%), streptomycin (92%), kanamycin (88%), ampicillin (85%), and cephalothin (81%) is alarming. Similar high percentages of resistance ranging from 91.6 to 100% to several of these antimicrobials were reported in *Salmonella* isolated from chicken meat and giblets collected from Mansoura, Egypt ([@B4]). The high incidence of resistance to aminoglycoside and β-lactam antibiotics is coincident with high prevalence of *S. enterica* resistance to these two classes of antibiotics in food animals ([@B27]; [@B32]). Ceftiofur has been used to prevent the death of 1-day old turkey poults, and its use in animal feed might select for the acquisition of plasmids with antibiotic resistance ([@B69]). In our study, the moderate level of resistance in screened *Salmonella* isolates to tetracycline (35%), sulfisoxazole (27%), nalidixic acid (15%), and cefoxitin (15%) has been documented in other studies ([@B7]; [@B66]; [@B49]). A recent study analyzed the surveillance data of 18 years on antimicrobial resistance profiling showed higher level of resistance of chicken breast isolates toward third-generation cephalosporins and tetracyclines when compared to human isolates ([@B53]). It is noteworthy that all 26 isolates in this study, including those isolated from organic sources, exhibited multidrug resistance (MDR). The presence of MDR *Salmonella* in retail meats in the United States, Canada, and the European Union is well- established ([@B68]; [@B73]; [@B7]; [@B26]). In a recent study, 36% of *Salmonella* isolates were multidrug resistant to two to five antimicrobials despite being isolated from a antimicrobials free turkey production facility ([@B59]). In a large study conducted in Spain, 41% of *Salmonella* isolates from meat products was resistant to three or more antibiotics ([@B20]). The high number of MDR *Salmonella* detected in retail meats sold in Oklahoma is not surprising since previous studies have shown the high incidence of MDR *Campylobacter* spp. and *Staphylococcus aureus* in Oklahoma retail meats ([@B51], [@B50], [@B52]; [@B1]; [@B2],[@B3]).

In this study, PFGE successfully grouped *Salmonella* isolates into distinct clusters that represented individual serotypes. PFGE previously showed discriminative ability for some *Salmonella* serotypes and antimicrobial resistance profiles ([@B24]; [@B73]). PFGE profiling was considered a possible alternative for identification of some *Salmonella* serotypes ([@B34]; [@B76], [@B75]). In a recent study, PFGE showed that *Salmonella* Heidelberg isolates from turkeys were more genetically diverse than those isolated from chickens ([@B49]). In this study, PFGE in combination with S1 nuclease digestion enabled successful detection of large plasmids in 8/26 (31%) of the *Salmonella* isolates. A large plasmid of ∼100 Kb was detected in all Anatum and Ouakam isolates and one Saintpaul isolate; furthermore, the Anatum and Ouakam were the only isolates with sulfisoxazole resistance, which might indicate a role for these plasmids in mediating resistance to this antimicrobial. Recently, we released the whole genome sequences of three isolates described in this study including *Salmonella* Ouakam, Anatum, and Anatum var. 15+; these isolates harbored large plasmids of 109,715, 112,176, and 112,176 bp, respectively ([@B42],[@B43]). The large plasmids in the Anatum and Anatum_var.\_15+ isolates were identical in size, which is consistent with the restriction patterns observed in this study. The large plasmids in *Salmonella* are known to encode genes for virulence and MDR, and their conjugative properties facilitates dissemination of virulence and antimicrobial resistance ([@B10]; [@B56]; [@B57]; [@B30]; [@B33]).

Conclusion
==========

In conclusion, the presence of MDR *Salmonella* with various serotypes, PFGE profiles, and large plasmids in ground poultry is alarming. Intervention strategies to reduce this important foodborne pathogen in retail meats are imperative, particularly in ground turkey. While ground poultry is being marketed as a healthier alternative to ground beef, consumers should apply strict food safety practices when handling ground turkey and consider cooking the meat thoroughly. The high prevalence of *Salmonella* strains recovered in this study with resistance to several antimicrobials can complicate the treatment of salmonellosis and increase the risk of this human illness. This is particularly critical for treating children with salmonellosis, since ceftriaxone is the drug of choice for pediatric salmonellosis and resistance to this compound would derail the efficacy of this antibiotic.
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